Morphology and phylogenies of two hypotrichous brackish-water ciliates from China, Neourostylopsis orientalis n. sp. and Protogastrostyla sterkii (Wallengren, 1900) This paper investigates the morphology, infraciliature and small-subunit (SSU) rRNA gene sequences of two hypotrichous ciliates, Neourostylopsis orientalis n. sp., and Protogastrostyla sterkii (Wallengren, 1900) n. comb. (basionym Gastrostyla sterkii), collected from coastal waters in southern China. Neourostylopsis orientalis n. sp. is diagnosed mainly by the arrangement of brownish cortical granules, the numbers of adoral membranelles and frontal and transverse cirri and the characteristics of its midventral cirral pairs. The SSU rRNA gene phylogeny strongly supports the establishment of the new genus Neourostylopsis n. gen., which is characterized mainly by the following features: frontal and transverse cirri clearly differentiated, buccal cirri present, two frontoterminal cirri, midventral complex composed of midventral pairs only and not exceeding the halfway point of the cell, more than one row of marginal cirri on each side which derive from individual anlagen within each parental row, caudal cirri lacking. Thus, two new combinations are required: Neourostylopsis songi (Lei et al., 2005) n. comb., and Neourostylopsis flavicana (Wang et al., 2011) n. comb. Additionally, improved diagnoses for both Metaurostylopsis and Apourostylopsis are supplied in this study. Protogastrostyla sterkii (Wallengren, 1900) n. comb. differs from the similar congener Protogastrostyla pulchra mainly in body shape, ratio of buccal field to body length in vivo and molecular data. Based on the present studies, we conclude that the estuarine population of P. pulchra collected by J. Gong and others [Gong et al., J Eukaryot Microbiol (2007) 54, 468-478] is a population of P. sterkii.
INTRODUCTION
The hypotrichous ciliates are a species-rich and morphologically diverse group and, as a consequence, morphological identification is always a great challenge, especially for the highly diverse hypotrichs (Borror, 1963 (Borror, , 1972 Hu & Song, 2000; Berger, 2006; Shao et al., 2008a, b) . This situation has been improved as a result of staining techniques that can reveal the infraciliature precisely and other morphological characteristics. Nonetheless, taxonomic difficulties still exist in determining differentiation between species or variation between populations, due to frequently overlapping or very similar morphological characteristics. In recent years, molecular information has been used widely for the phylogenetic study of ciliates and has gradually become a conservative diagnostic feature for species definition and circumscription (Chen et al., 2010; Foissner & Stoeck, 2011; Küppers et al., 2011; Paiva et al., 2012; Yi et al., 2012; Modeo et al., 2013 The urostylid genus Metaurostylopsis was established by Song et al. (2001) , with Metaurostylopsis marina being the type species by original description. Subsequently, eight further species of Metaurostylopsis have been described and assigned, namely Metaurostylopsis rubra Song & Wilbert, 2002 , M. salina and M. songi Lei et al., 2005 , M. sinica and M. struederkypkeae Shao et al., 2008 , M. cheni Chen et al., 2011 , M. antarctica Jung et al., 2012 , and M. flavicana Wang et al., 2011 the name M. flavicans in Song et al., 2011) . Among these, the phylogenetic positions of M. flavicana and M. songi are designated incertae sedis according to Song et al. (2011) (Song et al., 2001 Song & Wilbert, 2002; Lei et al., 2005; Shao et al., 2008a, b; Chen et al., 2011; Wang et al., 2011; Jung et al., 2011) . In addition, Song et al. (2011) proposed that M. sinica Shao et al., 2008 should be assigned to a new genus Apourostylopsis, arguing that M. sinica lacks the Metaurostylopsisdiagnostic midventral row and possesses only two frontoterminal cirri but several pretransverse cirri.
The genus Protogastrostyla was established by Gong et al. (2007) with Protogastrostyla pulchra [basionym: Stilonichia pulchra Perejaslawzewa, 1886; Gastrostyla pulchra (Perejaslawzewa, 1886) Kahl, 1932 ; Maregastrostyla pulchra (Perejaslawzewa, 1886) Berger, 2008] as the type species, mainly according to its unique morphogenetic characteristics and molecular data for three Korean populations (Gong et al., 2007) .
In the last two decades, several surveys of the ciliate fauna in Chinese coastal waters (including the Bohai Sea, the Yellow Sea and the South China Sea) have revealed more than 600 species (Song et al., 2009 ). The present paper provides morphological and molecular descriptions of two ciliates, Neourostylopsis orientalis n. gen., n. sp., from the Pearl River estuary near Guangzhou, and Protogastrostyla sterkii (Wallengen, 1900) n. comb. from the Shenzhen Mangrove Nature Protection Area.
METHODS
Neourostylopsis orientalis n. sp. was collected on 23 March 2008 from brackish water off the Nansha wetland near the Pearl River estuary, Guangzhou, China (22u 449 N 113u 369 E). The water temperature was about 23 uC and the salinity was 9 %. Samples were taken from the surfaces of rocks using a soft brush and diluted with untreated water from the collection site. Protogastrostyla sterkii (Wallengen, 1900) n. comb. was collected on 8 April 2008 from the Shenzhen Mangrove Nature Protection Area (22u 379 N 114u 079 E). The water temperature was about 22 uC and the salinity was 16 %. The upper 2 cm layer of sediment, including sand and rotten leaves, was collected together with seawater from the site.
Specimens were maintained in Petri dishes at room temperature with rice grains added to enrich bacteria as food for the ciliates. Isolated individuals were observed in vivo using differential interference contrast microscopy. Protargol staining was used in order to reveal the infraciliature (Wilbert, 1975) . Counts and measurements of stained specimens were performed at a magnification of 61250. Drawings were made with the help of a camera lucida. Terminology is according to Berger (2006 Berger ( , 2008 .
Genomic DNA extraction, PCR amplification and sequencing of the small-subunit (SSU) rRNA gene were performed according to Huang et al. (2012) . The universal eukaryotic primers Euk A and Euk B (Medlin et al., 1988) were used to amplify the SSU rRNA gene. Cycling parameters were as follows: a pre-run of 5 min at 94 uC, 35 cycles of 30 s at 94 uC, 1 min at 60 uC and 2 min at 72 uC and one cycle of 7 min at 72 uC. PCR products were purified and inserted into the pMD18-T vector (Takara Biotechnology) and transformed into competent Escherichia coli cells. Sequencing in both directions was carried out on an ABI 3730 sequencer.
Our phylogenetic analyses included SSU rRNA gene sequences of Neourostylopsis orientalis n. sp., Protogastrostyla sterkii (Wallengen, 1900) n. comb. and 60 other taxa from the GenBank database. Novistrombidium testaceum and Strombidium purpureum were selected as the outgroup taxa. All sequences were aligned using MUSCLE 3.7 (Edgar, 2004) with default parameters and then further modified manually in BioEdit 7.0 (Hall, 1999) to exclude ambiguous regions and gaps. The final alignment was 1717 positions long. Modeltest 3.7 (Posada & Crandall, 1998) and MrModeltest version 2.0 (Nylander, 2004) using the AIC both selected the GTR+I (50.6044) +G (50.5495) model, which was then used for Bayesian inference (BI) and maximum-likelihood (ML) analyses. The BI analysis was performed with MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2003) using the Markov chain Monte Carlo algorithm, with a run of 2 200 000 generations at a sampling frequency of 100 and a burn-in of 5500 trees. The ML analysis was conducted with PhyML 2.4.4 (Guindon & Gascuel, 2003) and the reliability of internal branches was assessed using the non-parametric bootstrap method with 1000 replicates. Tree topologies were visualized with TreeView version 1.6.6 (Page, 1996) and MEGA 4.0 (Tamura et al., 2007) .
RESULTS AND DISCUSSION
Neourostylopsis n. gen. (subclass Hypotrichia) Diagnosis. Marine or brackish Urostylidae with frontal and transverse cirri clearly differentiated; buccal cirri present; two frontoterminal cirri; midventral complex composed of midventral pairs only and not exceeding the halfway point of the cell; more than one row of marginal cirri on each side which derive from individual anlagen within each parental row; caudal cirri lacking.
Type species. Neourostylopsis flavicana (Wang et al., 2011) n. comb. (basionym: Metaurostylopsis flavicana Wang et al., 2011) . We have chosen Metaurostylopsis flavicana as the type species of Neourostylopsis since the morphology, ontogenesis and molecular information for this species have already been reported Wang et al., 2011) . Etymology. Composite of the Greek adjective neo (new, young, fresh; Hentschel & Wagner, 1996) and the posterior part (-urostylopsis) of the genus-group name Metaurostylopsis. This alludes to the fact that the new genus probably belongs to the genus complex represented by the 'stem genus' Metaurostylopsis. Feminine gender (ICZN, 1999; article 30.1.3) .
Taxonomic assignment. Two morphotypes of the urostylid genus Metaurostylopsis (M. flavicana and M. songi) are morphologically very similar to the new species Neourostylopsis orientalis n. sp. Notably, they have the following characteristics in common: only two frontoterminal cirri, no Metaurostylopsis-typical midventral row but midventral pairs terminating prior to the halfway point of the cell (Lei et al., 2005; Wang et al., 2011) . In respect to M. songi and M. flavicana, Berger (2006) and Song et al. (2011) had already pointed out that these features do not concord with the normal characterization of the genus Metaurostylopsis. They argued that the species that are here assigned to Neourostylopsis differ from Metaurostylopsis in the combination of the following characteristics: (i) consistently only two frontoterminal cirri; (ii) lacking the midventral row which is typical for Metaurostylopsis; (iii) a midventral complex that is conspicuously shortened, typically terminating prior to the mid-body level. For these reasons, Berger (2006) suggested that M. songi should be excluded from Metaurostylopsis. This hypothesis was also strongly supported by SSU rRNA gene phylogenies, in which M. flavicana is clearly separated from other species of Metaurostylopsis (although molecular data for M. songi are still unavailable) ( Fig. 1 ) (see also Berger, 2006; Shao et al., 2008a, b; Chen et al., 2011; Song et al., 2011) .
There remains, however, the question of the newly established genus Apourostylopsis . Since this genus, unlike Metaurostylopsis, shares the presence of only two frontoterminal cirri and the lack of a midventral row with M. flavicana, M. songi and N. orientalis n. sp., the major remaining morphological distinction is the length of the midventral complex (i.e. extending to the transverse cirri in Apourostylopsis compared with extending to the midbody in M. flavicana, M. songi and N. orientalis n. sp.). It could be argued that this distinction by itself should not be considered sufficient to be a generic characteristic. On the other hand, both the SSU rRNA gene phylogeny ( Fig. 1 ; Song et al., 2011) and multigene phylogenies (J. Huang and others, unpublished) strongly support the hypothesis that they do indeed belong to a different group, separate from A. sinica. For these reasons, we agree with the viewpoints of Berger (2006) and Song et al. (2011) , and here suggest establishing a new genus and two new combinations (see species assignment above).
Additionally, we provide improved diagnoses for both Metaurostylopsis and Apourostylopsis based on the present and previous studies.
Improved diagnosis for Metaurostylopsis
Marine Urostylidae with frontal and transverse cirri clearly differentiated; buccal cirri present; three or more frontoterminal cirri present; pretransverse cirri absent; midventral complex with a single midventral row and with the last midventral pair at the level of the buccal vertex; caudal cirri lacking; more than one row of marginal cirri on each side which derive from individual anlagen within each parental row.
Improved diagnosis for Apourostylopsis
Marine Urostylidae with frontal and transverse cirri clearly differentiated; buccal cirri present; two frontoterminal cirri; pretransverse cirri present; midventral complex composed of pairs only and extending almost to the posterior cell end; caudal cirri lacking; more than one row of marginal cirri on each side which derive from individual anlagen within each parental row. Etymology. The species-group name orientalis recalls the fact that this species was first described from oriental (Chinese) coastal waters.
Description. The size of the body is about 120-200645-75 mm. The body is flexible and slightly contractile. The body outline is elongate to slightly fusiform, with the right margin convex and the left margin almost straight and with the anterior and posterior ends narrowly rounded. The ratio of length to width is about 3-4 : 1. Cells are dorsoventrally flattened with a ratio of about 2 : 1 (Figs 2a and 3a) .
The body is brown and greyish at low magnification, but slightly yellow-brownish at high magnification. The bright yellow-brownish cortical granules (1 mm in diameter) are arranged in lines along the marginal rows on the ventral side, and there are two types of arrangement on the dorsal side, namely in lines along the dorsal kineties or regularly grouped between dorsal bristles (Figs 2b, c and 3c-e). The cytoplasm is hyaline, with many greyish globules 3-5 mm across. The food vacuoles are about 15 mm in diameter, containing brownish diatoms (Figs 2a and 3c ). The contractile vacuole is positioned at 40 % of the body length near the left body margin; however, pulsation is not apparent. The macronuclear nodules are about 50 in number and are scattered. They vary in shape from broad-to elongate-ellipsoidal and are difficult to recognize in vivo. Locomotion is with no specialities, crawling moderately quickly on debris.
The adoral zone of membranelles (AZM) is composed of about 25-31 membranelles. The cilia of the membranelles are about 15 mm long in vivo. The length of the AZM is about 35 % of the body length after protargol impregnation (Table 1) ; the distal end of the AZM bends only slightly towards the right (Figs 2d, e and 3b). The buccal field is moderately wide. The paroral and endoral are almost parallel and equal in length (Figs 2d, e and 3h).
All cirri are relatively fine, about 5-7 mm long, but the frontal and transverse cirri are about 15 mm long. There are five clearly enlarged frontal cirri arranged almost in a row (Figs 2d, e and 3f), the posterior end of which is contiguous with the row of midventral pairs. There are invariably two frontoterminal cirri, which are hardly discernible because they are positioned near the anterior end of the first right marginal row (Figs 2d and 3f, arrowheads) . The single buccal cirrus is situated at the level of the anterior 40 % of the paroral (Fig. 2d, e) , although it is occasionally absent (in just one individual in the 25 analysed specimens; Fig.  3h ). The midventral complex extends to about half of the cell length and is composed of 8-10 pairs of cirri arranged in a typical zigzag pattern (Fig. 2d, e) . There are five to eight transverse cirri located caudally, relatively strong and projecting beyond the posterior end of the cell (Figs 2e and   3g ). There are consistently three left and three right marginal rows (Fig. 2e ). There are three bipolar kineties and one short row to the right of the anterior end of the third dorsal kinety. In general, the short row is composed of two pairs of basal bodies (Fig. 2f) .
Phylogenetic analyses
The SSU rRNA gene sequence of N. orientalis n. sp. has been deposited in GenBank with the accession number FJ870097. The length and G+C content of the SSU rRNA the internal relationships within this clade are not clear, maybe as a result of the limited taxon sampling of this group (Fig. 1 ). Our novel species N. orientalis n. sp. and two populations of N. flavicana form a well-supported clade in both analyses (1.00 BI, 100 % ML), while these three taxa branch off independently in a polytomy in the BI analysis.
Comparison with similar taxa
There are three species with which N. orientalis n. sp. should be compared, N. flavicana, N. songi and A. sinica.
Morphologically N. flavicana differs from N. orientalis n. sp. in having more adoral membranelles (33-45 vs 25-31), frontal cirri (4-8 vs consistently five), midventral pairs (13-17 vs 8-10), transverse cirri (7-10 vs 5-7) and left marginal rows (four vs three) and in the number of pretransverse ventral cirri (two vs absent) and in the arrangement of cortical granules on the ventral side (some grouped around the ventral cirri, others arranged in lines between the ventral cirral rows vs all of them arranged in lines along the ventral cirral rows) (Wang et al., 2011) .
Turning to the gene sequencing of these species, there are two populations of N. flavicana with molecular data available (population I collected by Wang with GenBank accession no. FJ775718; population II collected by Chen with GenBank accession no. HM623917). These differ from each other in five nucleotide positions, while the new species N. orientalis n. sp. differs in only four nucleotide positions from population I and in five nucleotide positions from population II. Phylogenetic analyses strongly support the cluster of N. orientalis n. sp. and N. flavicana, while they branch independently and result in a polytomy in BI analysis.
From the phylogenetic data, these three sequences therefore seem to represent three populations of the same species but, based on their morphological characteristics, N. orientalis n. sp. can be clearly separated from N. flavicana. The novel species is therefore defined mainly based on morphological characteristics ( Fig. 2i and Table 2 ; Wang et al., 2011) .
N. songi resembles N. orientalis n. sp. in body shape (slender elliptical vs elongate elliptical), the ratio of buccal field length to body length (25-33 vs 35 %), the number of frontal cirri (five in each case) and transverse cirri (5-7 vs 6-7) and in having three left and three right marginal rows. The former can be distinguished from the latter, however, in the colour and arrangement of cortical granules (colourless granules in 8-10 rows on the ventral side and 6-7 rows on the dorsal side vs yellow-brownish granules arranged in lines along marginal rows on the ventral side, and with two types of arrangement on the dorsal side: in lines along the dorsal kineties or regularly grouped between the dorsal kineties). Additionally, N. songi has more adoral membranelles (28-47 vs 25-31) and midventral pairs (9-12 vs 8-10) (Fig. 2g and Table 2 ; Lei et al., 2005) .
A. sinica can be clearly distinguished from N. orientalis n. sp. by the generic differences. In addition, the former differs from the latter in having two kinds (vs only one) of cortical granules, fewer right marginal rows (two vs three) and fewer frontal cirri (four vs five). The divergence of these two forms is supported by SSU rRNA gene sequence data, as they differ in 69 nucleotide positions (Fig. 2h and Table 2 ; Shao et al., 2008b; Song et al., 2011) .
Protogastrostyla sterkii (Wallengen, 1900) n. comb. (Figs 3 and 4 and Table 3 )
Basionym: Gastrostyla sterkii Wallengren, 1900. Other synonym: Gastrostyla pulchra (Perejaslawzewa, 1886) Kahl, 1932. Prior to the current investigation, this species was always regarded as a synonym of Protogastostyla pulchra (Perejaslawzewa, 1886) because of their similar morphology and identical infraciliature. A redescription is necessary in order to clarify the confusion and understand its intraspecific variation. Based on both previous and present studies, an improved diagnosis is supplied.
Improved diagnosis. About 170-300650-130 mm in vivo, elongated body with two ends slightly tapering and anterior end not cephalized; cortical granules colourless, irregularly scattered on dorsal side; the ratio of oral field to body length about 30 % in vivo, 30-46 adoral membranelles; three frontal, one oral, 12 ventral and five transverse cirri; 32-40 left and 30-34 right marginal cirri; six or seven dorsal kineties; two to four ellipsoidal macronuclear nodules.
Slide deposition. Two voucher slides with protargolimpregnated specimens have been deposited in the Natural History Museum, London, UK (registration no. NHMUK 2011.11.14.5), and the Laboratory of Protozoology, Ocean University of China (registration no. CXR-2008032305-01).
Description of Shenzhen population. The body size in vivo is about 200-300660-130 mm. Cells are inflexible. The body outline is elongate elliptical; that is, the left margin is slightly convex and the right margin is relatively straight, the posterior end is generally widely rounded and the anterior end tapers slightly. The ratio of length to width is about 3 : 1. Cells are dorsoventrally flattened about 2 : 1 (Figs 3i, j and 4a) . Gong et al., 2007) . (d) Arrangement of cortical granules of P. pulchra (from Hu & Song, 2000) . (e, f) Ventral (e) and dorsal (f) views of the infraciliature of the present population. (g) P. sterkii (from Gong et al., 2007) . (h-j) P. pulchra (from Gong et al., 2007) . (k-m) P. pulchra; ventral (l) and dorsal (m) views of the infraciliature of the neotype specimen (from Hu & Song, 2000) . (n) Ventral view of P. pulchra (from Perejaslawzewa, 1886). (o) Ventral view of P. sterkii (from Wallengen, 1900) . (p) Ventral view of P. sterkii (from Kahl, 1932) . AZM, Adoral zone of membranelles; DK, dorsal kineties; E, endoral; FC, frontal cirri; LMR, left marginal row; Ma, macronuclear nodules; P, paroral; RMR, right marginal row; TC, transverse cirri; VC, ventral cirri; 1-6, dorsal kineties. Bars, 50 mm.
Description of two novel hypotrichous ciliates
which the sixth and seventh rows are conspicuously shortened (Fig. 4f) .
Phylogenetic analyses. The SSU rRNA gene sequence of Protogastrostyla sterkii (Wallengen, 1900) n. comb. has been deposited in GenBank with the accession number FJ870099. The length and G+C content of the SSU rRNA gene are 1769 bp and 46.24 mol%. Our BI and ML phylogenetic analyses strongly support the separation of estuarine and marine Protogastrostyla species: P. sterkii consistently clusters with the brackish population of P. pulchra from Korea (GenBank accession no. EF194081) (1.00 BI, 100 % ML), while three marine populations of P. pulchra form the other clade (0.93 BI, 87 % ML). As mentioned by Gong et al. (2007) , the systematic position of Protogastrostyla is difficult to determine because it occupies different positions when using different algorithms and when different species are included (data not shown).
In the present study, Protogastrostyla, followed by Hemigastrostyla, Parabirojimia and Trachelostyla, are placed outside the main oxytrichid-urostylid complex (0.93 BI, 53 % ML), while their relationships are not consistently supported (Fig. 1) .
Comparison with similar taxa. Gastrostyla sterkii was discovered by Wallengen (1900) from the Baltic Sea near Malmö, Sweden. In the original description, it was about 170650 mm in size, with an elongated body with two ends slightly tapering, ratio of buccal field to body length about 30 %, 12 frontoventral cirri including two pretransverse cirri, and exhibiting four macronuclear nodules (Fig. 4o) . Except for the nuclear feature, the organism we isolated corresponds perfectly with the original description. The dissimilarity of the nuclear apparatus is possibly due to the different physiological stages, which is common in some marine hypotrichs and hence should be considered as a population-dependent character (Hu & Song, 2000; Berger, 1999) . *Caudal cirri were difficult to differentiate from left marginal cirri in our specimens of P. sterkii; we therefore counted them as a part of the latter.
X. Chen and others
Protogastrostyla pulchra has been reinvestigated many times, and almost all of the taxonomic characteristics have been provided, including the living morphology, infraciliature, morphogenesis and molecular data (18S rRNA gene sequences) (Perejaslawzewa, 1886; Borror, 1963; Burkovsky, 1970; Hu & Song, 2000; Gong et al., 2007) . Although these various populations of P. pulchra share an identical infraciliature, they do exhibit some differences in living morphology and SSU rRNA gene sequences. Gong et al. (2007) described three populations of P. pulchra from Korea, one estuarine and two marine. Because their description combines these populations, the following discussion is based only on the detailed drawings ( Fig. 4g-j) . The present population of P. sterkii is very similar to the estuarine population in its brackish habitat and body shape and the position of the transverse cirri. These two species/populations can be easily distinguished from the two marine populations collected by Gong et al. (2007) and from the marine population of P. pulchra collected by Hu & Song (2000) in the following two characteristics: (i) elongated ellipsoid body shape with the anterior end slightly narrowed (Fig. 4a, g ) (vs three marine populations of P. pulchra with a distinct rounded 'head'; Fig. 4h, k) ; (ii) ratio of buccal field to body length about 31-33 % in vivo (vs 41-43 %). In addition, the molecular data also support this cluster, since P. sterkii and its congeners are clustered together with high support (1.00 BI, 100 % ML). Within this branch, the estuarine species/populations [GenBank accession nos FJ870099 (present population) and EF194081 (population of Gong et al., 2007) ] and marine species/populations (GenBank accession nos EF194082 and EF194083) form two distinguishable clades. The SSU rRNA gene sequences of the two estuarine species/ populations differ in nine nucleotide positions, and there are six differences between the two marine populations. The estuarine population of P. pulchra in Gong et al. (2007) (EF194081) differs in 23 and 25 nucleotide positions, respectively, from the two marine populations in Gong et al. (2007) , while the present estuarine P. sterkii population differs in 22 and 24 nucleotide positions from the two marine populations of P. pulchra.
Based on the present work and the comments of Berger (2008) (i.e. 'the morphological differences between marine and estuarine populations of Protogastrostyla pulchra indicate that subspecies exist. This is also supported by the 18S rRNA gene data'), we deduce that the estuarine population of P. pulchra isolated by Gong et al. (2007) is a population of P. sterkii, even though they possess a similar infraciliature to that of P. pulchra.
In the original description of Protogastrostyla pulchra, Perejaslawzewa (1886) gave neither size nor cirral pattern, but a brief description of living features. The Black Sea population was usually oblong and sometimes elliptical, with the anterior end cephalized and right anterior margin slanted, the ratio of the buccal field to body length about 45 % and a contractile vacuole positioned at the distal end of the adoral zone near the left body margin ( Fig. 4n ; Perejaslawzewa, 1886) . All the characteristics correspond well with P. pulchra rather than P. sterkii. Kahl (1932) provided a short but clear description of P. pulchra collected from Kiel, Germany: 170-250 mm long in vivo, elongated body with tapering but not cephalized anterior end, cortical granules rod-shaped, two or four nuclear nodules and 15 frontoventral cirri (postoral ventral cirrus not illustrated); the ratio of buccal field to body length was about 30 % (data from his brief drawing). In addition, the sampling position was very near Malmö. All these suggest that Kahl's population is possibly P. sterkii rather than P. pulchra ( Fig. 4p ; Kahl, 1932) . Borror (1963) and Burkovsky (1970) described the infraciliature of P. pulchra in detail; unfortunately, the living descriptions were brief and superficial. We are not sure of the identity of these two populations because the infraciliature of P. pulchra and P. sterkii is very similar. Therefore, their identity is still in doubt. They are, preliminarily, classified as incertae sedis in Protogastrostyla.
Furthermore, it is noticeable that the position of the transverse cirri in P. pulchra is not stable. The transverse cirri of the population isolated by Hu & Song (2000) are distinctly displaced anteriad and therefore do not protrude beyond the rear end of the cell, while those of the population from Korea are positioned only slightly subterminal and therefore project distinctly beyond the rear cell end.
According to the ML tree based on the SSU rRNA gene sequence, the morphogenetic and morphological features, Gong et al. (2007) classified Protogastrostyla as incertae sedis in Hypotrichia. Based on the present work, we agree with Berger (2008) that the exact position of Protogastrostyla within the Hypotrichia is not yet known.
